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(57) ABSTRACT 

A fluid drainage system configured for draining a basin 
impounding fluid and sediment, solids or the like of varying 
density and turbidity. The system includes a first conduit and 
a second conduit within or adjacent to the first conduit to form 
a fluid receiving chamber between the first and second con 
duits, each conduit having apertures therethrough, with the 
apertures of the first and second conduits being sized and 
arranged relative to one another and so configured as to pref 
erentially discharge fluid from the top of a basin, thus provid 
ing flow conditions which inhibit the entry of sediment into 
the system so as to maximize the retention of sediment within 
the basin and reduce turbidity and Total Suspended Sediment 
in the discharged fluid. 

20 Claims, 13 Drawing Sheets 

  



US 8,545,696 B2 
Page 2 

(56) References Cited 7,108,783 B2 * 9/2006 Glazik ..................... 210,170.03 
7,473,373 B1* 1/2009 Danler ..................... 210,170.03 
7,556,158 B2 7/2009 Simpson 

U.S. PATENT DOCUMENTS 7.762,741 B1* 7/2010 Moody ........................... 405/41 
5,820,751 A 10/1998 Faircloth, Jr. 7,790,023 B1 9, 2010 Mills 
6,077.423 A * 6/2000 Roy et al. ................. 210,170.03 7,846,327 B2 12/2010 Happel 
6,416,674 B1 7/2002 Singleton 2010/0300981 A1* 12/2010 Albers et al. ............. 210,170.09 
6,919,033 B2 * 7/2005 Stark et al. ................. 210,532.1 
7,025,888 B2 4/2006 Thompson * cited by examiner 



U.S. Patent Oct. 1, 2013 Sheet 1 of 13 US 8,545,696 B2 

  



U.S. Patent Oct. 1, 2013 Sheet 2 of 13 US 8,545,696 B2 

Fig. 2 

  



U.S. Patent Oct. 1, 2013 Sheet 3 of 13 US 8,545,696 B2 

Fig. 3 

  



US 8,545,696 B2 Sheet 4 of 13 Oct. 1, 2013 U.S. Patent 

SS 

•••••••••••••••••zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 

Fig. 4 

  

  

  

  



U.S. Patent Oct. 1, 2013 Sheet 5 of 13 US 8,545,696 B2 

(a) Skimmer risers cross-section b) Traditional riser cross-section 

Fig. 5 
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SEDMENT AND DETENTION BASIN 
DRANAGESYSTEMAND METHOD 

This application claims the benefit of priority to U.S. Pro 
visional Application Ser. No. 61/334,867, filed May 14, 2010, 
of the same inventors. 

FIELD 

The present disclosure relates to the field of sediment and 
detention basin drainage and, for example, to the field of 
stormwater management, and more particularly to an 
improved system and method for draining a stormwater sedi 
ment or detention basin while reducing sediment and turbid 
ity from the basin discharge. 

BACKGROUND 

Sedimentation is a leading cause of Surface water impair 
ment. Sediment transported from rural and urban Surfaces has 
the potential to change stream flow patterns, to transport other 
pollutants such as metals and hydrocarbons, and to degrade 
aquatic habitat. According to the National Water Ouality 
Inventory. 2004 Report to Congress, prepared under sections 
305(b) and 303(d) of the Clean Water Act, at least 9% of the 
stream miles and 7% of the lake acres assessed were found to 
be impaired by sediment and turbidity. To decrease the nega 
tive impacts of stormwater on surface waters, the United 
States Environmental Protection Agency (EPA) has devel 
oped a manual of Best Management Practices (BMPs), 
which recommends structures such as sediment and detention 
basins. Detention basins have outlets designed to temporarily 
detain stormwater runoff in order to attenuate peak dis 
charges, while a primary purpose of sediment basins is to 
detain Stormwater runoff long enough to allow sediments to 
settle. In both cases, however, there is a water quality benefit 
to be served by discharging cleaner water and retaining con 
taminants in the basin for stabilization and/or removal. 

Sediment and/or detention ponds or basins are currently 
required for most new land disturbing activities (i.e., con 
struction, roads, mining, forestry, and development). Gener 
ally speaking, more traditional agricultural entities have not 
yet been required to meet the same water quality standards of 
other industries, but that may change in the near future. One 
needs look no further than the increased environmental regu 
lation of the hog, poultry, and dairy industries to see ageneral 
trend toward tightening environmental regulation, which 
could ultimately result in required sediment BMPs for dis 
turbed agricultural lands. 

Currently most communities regulate erosion and transport 
of sediment through a variety of required BMPs. These prac 
tices instruct a user how to reduce the sediment delivered to a 
creek, stream, pond, river, lake, or bay, but do not ensure that 
the user has implemented the BMPs well such that they are 
performing adequately. The U.S. Environmental Protection 
Agency (EPA) has written new regulations that the effluent 
from disturbed sites must have a turbidity of less than 280 
Nephelometric Turbidity Units (NTUs). Although this rule is 
not yet implemented and is currently being appealed, it is 
clear that the United States is moving away from prescriptive 
BMP approaches towards performance-based approaches. 
This will drive users towards placing their money and efforts 
on erosion and sediment control technologies that meet per 
formance-based turbidity requirements. 

Detention basins are often used for reducing stormwater 
peak discharges, but there is regulatory movement towards 
demanding removal of contaminants from discharge even if 
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2 
there is little sediment being contributed from the associated 
drainage basin. Whether for sediment basins during soil dis 
turbance or for post-disturbance detention basins, if pollutant 
removal is an important consideration, the common approach 
is to have a traditional vertical perforated riser as an outlet. 
This may not, however, be the most appropriate choice for 
pollutant removal, since Such risers typically only force set 
tling of 40%–70% of total suspended solids. Floating skim 
mers are available, and these function to discharge the clean 
est water from the top of a basin, draining water by means of 
a single orifice Submerged just below the Surface Such that 
only the cleanest water is discharged. Despite their benefits, 
floating skimmers are articulated by some means to maintain 
the orifice at just beneath the water level, and this required 
motion may be a potential source for failure. These skimmers 
are also prone to becoming stuck when the water is drained 
and the skimmer is lying on a drying muddy Surface. Also, 
floating skimmers may be more susceptible to vandalism than 
are fixed traditional risers, as a floating skimmer may lie at the 
bottom of a basin when the basin is dry and be an attractive 
target for vandalism. Floating skimmers are also limited by a 
fixed outflow rate regardless of the stage (elevation of the 
water surface) in the basin, which limits their utility as deten 
tion basin outlets. 

Accordingly, improvement is desired in the field of sedi 
ment basin outlet design towards improving stormwater dis 
charge quality. 
Now a brief history of the development of sediment and/or 

detention basin technology will be described. A traditional 
perforated riser for a stormwater basin is recommended by the 
EPA as of 2006. However, a riser was first used to discharge 
runoff from agricultural terraces in the 1940s by the United 
States Department of Agriculture (USDA) Soil Conservation 
Service (SCS) in Iowa. These risers were mounted flush to the 
ground and drained to a conduit below grade. The concept of 
using above-grade perforated risers to attenuate peak out 
flows by temporarily storing runoff above grade was first 
utilized in the 1960s by USDA SCS engineers in Iowa. Using 
a perforated riser outlet was found to decrease the peak flow 
rate from a terrace Such that Smaller Subsurface piping could 
be used as a water outlet. The smaller flow rates and associ 
ated smaller pipes were found to be more cost effective than 
earlier systems that had very little storage and Subsequently 
required larger pipes to carry large peak discharges during 
peak runoff periods. Riser intakes were later used to drain 
beef feedlots, and orifices of 1.59 cm (5/8 in) diameter or 
greater provided good flow control and were found to not 
readily clog with Suspended solids or floating debris. 

U.S. Pat. No. 5,820,751 issued Oct. 13, 1998 to Faircloth, 
Jr. describes afloating skimmer connected to a sediment basin 
outlet by a flexible outlet pipe. A single orifice is held at a 
shallow fixed depth below the water surface in a sediment 
basin. The orifice is Subjected to a constant head, yielding a 
constant flow rate from the skimmer regardless of the stage 
within the basin. Although having a constant outflow simpli 
fies the routing calculations defining the rate at which the 
runoff moves through the basin, basins utilizing a skimmer 
outlet must be made relatively large to detain larger storm 
events because they will generally drain much slower than 
they fill. Such a floating skimmer has several rotating parts 
that can be damaged by Suspended or deposited sediments. 
Considering the muddy, gritty environment in which these 
devices operate, many components comprising the floating 
skimmer must work in unison for the skimmer to operate 
correctly. For example, the orifice assembly must be free to 
rotate as the water level increases or the discharge rate will be 
incorrect. Pivoting debris guards must be free to move or the 
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single orifice could become clogged. Finally, the floating 
skimmer assembly must be free to raise and lower on the 
flexible hose attached at its base. If the skimmer becomes 
lodged in the muddy bottom of the basin, a large discharge 
rate of untreated water from the bottom of the basin would 
result. U.S. Pat. No. 4,015,629 issued Apr. 5, 1977 to Morgan 
et al. discloses an earlier adjustable flow floating weir assem 
bly that may vertically adjust relative to liquid level in a basin. 
U.S. Pat. No. 4,517,091 issued May 14, 1985 to Yamanaka et 
al. provides for a Swirling flow of liquid through a solids 
liquid separator. More recently, U.S. Pat. No. 7,025,888, 
issued Apr. 11, 2006 to Thompson et al. provides a floating 
decanter for a basin which may prevent a drawing offloating 
Solids or Scum into a discharge outlet, functioning almost to 
the opposite effect of a skimmer. 

Therefore, if an effective yet simple means were developed 
to increase the efficiency and ease of sediment retention 
within basins, this would be a valuable contribution and result 
in an improved skimmer system that can be applied to drain a 
sediment or detention basin (hereinafter, a sediment/deten 
tion basin). Such a skimmer system oftentimes is asked to 
serve multiple purposes simultaneously, namely reducing 
peak discharge in a controlled manner so as to reduce total 
suspended solids (TSS) or turbidity of the discharge. In addi 
tion, it would be advantageous if a skimmer system could: 
eliminate the need for moving parts, be less prone to failure or 
Vandalism, be inexpensive to construct and install, have 
reduced maintenance, could accommodate variable discharge 
rates if desired, and if it contained its own secondary spillway, 
provide a water exit if the primary openings should clog. 

SUMMARY 

The above and other needs are met by a skimmer design 
that achieves the skimming function by providing two sets of 
vertically varied flow restricting devices placed in series with 
one another. “Sediment or Detention basin,” or sediment/ 
detention basinas used herein, is not intended to be limited to 
a stormwater basin, but may comprise any man-made or 
otherwise constructed pond, tank, reservoir, Vessel or other 
basin containing a liquid-Solid or liquid-liquid mixture from 
which it is desired to remove the lighter material while leav 
ing the denser material in the basin. “Downstream” as used 
herein refers to the direction that a fluid flows towards, and is 
the opposite of upstream. "Downstream, as used herein, does 
not connote any specific flow distance, only direction or rela 
tive location. “Impound as used herein is used in terms of its 
Scientific hydrology definition of retaining, for example, liq 
uid in a reservoir, basin or pond where “basin” is used to 
encompass any such impounding of liquid. 

In one embodiment, a sediment/detention basin drainage 
system includes a fluid drainage system within a basin for 
draining fluid from the basin while minimizing discharge of 
sediment from the basin. As used herein, a “conduit,” or, more 
specifically, a riser, is a typically vertical, specially shaped or 
otherwise constructed means to control the discharge from a 
basin over a range of basin fluid levels to a basin outlet. The 
So-equipped conduit provides this control to regulate dis 
charge of liquid from a basin to an outlet through any com 
bination of weirs, apertures, orifices, or other flow regulating 
devices known in the art. 
An embodiment of a fluid drainage system may include a 

first conduit having a substantially continuous sidewall and 
may be positioned vertically within the basin for contact with 
the fluid retained in a basin, the first conduit having at least 
one aperture or orifice through the sidewall thereof to allow 
liquid flow from the basin. A second conduit also may have a 
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4 
Substantially continuous sidewall and be positioned down 
stream of the first conduit, the second conduit having at least 
one aperture through the sidewall thereof for connection to a 
basin drain or outlet. The diagrams following typically show 
the second conduit placed within the upstream first conduit, 
but this is only one possible configuration for placing the 
second conduit downstream of the first conduit. The first 
conduit may also be placed adjacent to the second conduit 
such that the second conduit is downstream of the first. The 
Volume between the two conduits is sealed at the bottom, 
forming a flow regulating chamber. 
A second conduit may be disposed within or adjacent to the 

first conduit or first conduit interior volume, the second con 
duit may have a top end open to atmospheric pressure and a 
bottom end opening to a drain or outlet. By being open at the 
top end to atmospheric pressure, the top of the second conduit 
may serve as its own secondary spillway. A plurality of ori 
fices or apertures may be disposed in the second conduit wall 
between the top and bottom ends of the second conduit, the 
orifices being of approximately equal size and spacing or 
otherwise spaced or sized as described herein—the impor 
tance being that the liquid level in a chamber between the first 
and second conduit may rise and fall depending on expected 
liquid inflow rate. The liquid flows into this chamber from the 
basin through the apertures between the first and second 
conduits, and exits through the apertures in the second con 
duit to a drain in the second conduit. This drain is connected 
at the bottom end of the second conduit to carry the liquid flow 
to the ultimate basin outlet. 
The apertures of the first conduit and second conduit of an 

embodiment are sized and arranged relative to one another to 
enable removal of fluid preferentially from the top of the 
water column within the basin, regardless of the water level 
within the basin. The plurality of apertures disposed in first 
conduit and downstream second conduit make two important 
contributions: 1) the apertures control the cumulative dis 
charge flow rate from a basin, depending on the expected 
water level within the basin, and 2) the aperture sizes in 
conjunction with the water level in the chamber control the 
flow rates through the apertures. As the water level in the 
basin increases, so does the water level in the chamber, which 
Submerges the lower apertures of the first conduit, greatly 
decreasing their flow rate relative to the higher un-Submerged 
apertures. This effectively shifts the majority of flow to the 
upper un-Submerged orifices. Since both sets of apertures are 
properly sized and located to maintain the chamber water 
elevation at proper level in relation to the basin water level, 
the skimmer of this embodiment can perform at any water 
level in the basin. 

In another aspect, the disclosure relates to a fluid skimming 
system for draining a basin having fluid and a denser Solid 
(hereafter referred to as sediment), but could also be used for 
immiscible fluids of different densities or for a mixture of 
fluid and floating solids. In all cases, the goal of the design is 
to preferentially remove the less-dense material while retain 
ing the denser. Since separation of immiscible fluids or fluid 
and solid of different densities will for the purposes of this 
design generally behave in the same way as sediment in water, 
the following discussion will for the sake of clarity focus 
solely on sediment in water. Because sediment is more dense 
than water, the sediment will fall through the water column 
such that the top of a water column will have a lower sediment 
concentration than the bottom. Therefore, preferentially 
skimming water from the top of a basin filled with sediment 
laden water discharges relatively cleaner water. This has the 
effect of reducing Total Suspended Sediment (TSS) and 
reducing the turbidity of the discharge. Conversely, if a basin 
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were filled instead with a mixture of oil and water (or a fluid 
with floating particles), the skimmer would still preferentially 
remove less dense fluid from the top of the fluid column, with 
the less dense material preferentially discharged. 

In one embodiment, the first conduit and second conduit 
are both vertically oriented pipes, with the smaller second 
conduit placed within the first conduit. In this embodiment, 
the sidewall of the first conduit may be pierced by orifices 
gradually increasing in size from bottom to top, and the 
second conduit may be pierced by evenly-sized and spaced 
orifices from bottom to top, or there may be alternate con 
figuration of orifices depending on preferred liquid flow rates 
as will be described below. The space between the two con 
duits is sealed at the bottom, forming a chamber. This con 
figuration is generally similar to Small or medium sized sedi 
ment/detention basin perforated riser outlet systems currently 
available, except that it has one extra vertical pipe and one 
extra set of apertures, and it preferentially removes water 
from the top of a basin. 

In another embodiment, the first conduit forms a box-like 
chamber adjacent to a second conduit forming another adja 
cent box-like chamber, both boxes, for example, constructed 
of concrete, wood, or steel or other liquid containing and 
preferably non-polluting material in the instance when a liq 
uid to be discharged is recyclable. In this embodiment, the 
first conduit may be pierced by orifices gradually increasing 
in size from bottom to top, and the second conduit may be 
pierced by evenly sized and spaced orifices from bottom to 
top, or there may be an alternate configuration of orifices 
depending on preferred liquid flow rates as will be described 
below. This configuration is generally similar to large sized 
sediment/detention basin perforated box outlet systems 
except it has an extra wall with apertures forming two boxes 
instead of one, and it preferentially removes water from the 
top of a basin. 

In another embodiment, for either of the configurations 
described above, the multiple orifices of each of the first and 
second conduits may instead be replaced by a single large 
vertically continuous orifice or weir. In this manner, the flow 
of fluid through the skimmer is controlled by the weir hydrau 
lics of the first and second conduits instead of by the multiple 
orifices or apertures. 

In another embodiment, the apertures of the first and sec 
ond conduits may instead be replaced by pipes of various 
diameters and lengths forming T-fittings. The system has 
Smaller pipes emanating from the bottom and larger pipes 
emanating from the top (that act as first conduit apertures). 
These pipes join downstream through a network of T-fittings, 
and downstream from the T-fittings further flow restricting 
pipes act as a second conduit aperture, such that when the 
water level in the basin rises, the flow is restricted from the 
lower and Smaller diameter pipes. 
A secondary overflow system is generally required for 

sediment/detention basins to provide an alternate path for 
runoffin case of clogging of the orifices or other openings. An 
additional benefit of the several embodiments is that they can 
be designed in Such a way as to contain their own secondary 
overflow system. In each of these embodiments, water can 
simply run from the basin over the open (to atmospheric 
pressure) top of the first conduit, filling the chamber, and then 
over the open top of the second conduit, allowing flow 
through the discharge pipe draining the second conduit. 

Fluid drainage system embodiments according to the dis 
closure advantageously drain, for example, fluid or liquid 
from a top portion of the liquid in a basin while comparatively 
restricting drainage of liquid from the bottom portion of the 
liquid in the basin. The drainage system as described herein 
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6 
may be referred to as a Solid State Skimmer (SSS) because of 
the use of the first conduit and second conduit equipped with 
weirs, apertures or orifices and a chamber between the first 
and second conduit to control head and outlet flow with no 
moving parts. A brief description of the drawings will be 
followed by a detailed description of embodiments of an SSS 
and methods of draining a basin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages of the disclosure are apparent by refer 
ence to the detailed description when considered in conjunc 
tion with the figures, which are not to scale so as to more 
clearly show the details, wherein like reference numbers indi 
cate like elements throughout the several views, and wherein: 

FIG. 1 shows a conceptual hydraulic transistor presenta 
tion analogous to one for an electronic transistor wherein Ah 
represents the differential head (or difference in water levels) 
between a basin and the chamber formed between the first and 
second conduits. This differential head controls the flow into 
the chamber (Q) and out of the chamber (Q), much as 
Voltage applied to the center terminal of an electrical transis 
tor controls the current running through the electronic tran 
sistor. 
FIG.2 provides a first embodiment of a sediment/detention 

basin drainage system whereby water input pipe diameters 
become increasingly greater with increasing elevation. In this 
embodiment, the depicted pipes and T-fittings (T1 and T2) 
function as hydraulic transistors analogous to the transistor of 
FIG 1. 

FIG. 3 provides a perspective view of a further embodi 
ment of a sediment/detention basin drainage system having a 
first conduit and a second conduit according to the disclosure 
where the first conduit surrounds the second conduit. 

FIG. 4 provides a perspective view of a further embodi 
ment of a sediment/detention basin drainage system wherein 
the first conduit comprise a box-like structure for receiving 
liquid from a basin and the second conduit comprises a further 
box-like structure, the second conduit placed downstream of 
the first conduit. 

FIG. 5 is a cross-sectional view of the sediment/detention 
basin drainage system showing a comparison of heads (fluid 
levels) for an SSS (FIG. 5a) relative to a conventional or 
traditional riser (FIG.5b). 

FIG. 6 provides a depiction of the difference in heads at 
equal basin fluid levels for an SSS (FIG. 6a) and a traditional 
riser (FIG. 6b). At an equal basin water level (h), the differ 
ential head driving flow through the lower orifices is mark 
edly reduced in the SSS design (i.e., hi-hs<h). 
FIG.7 provides flow regimes for a traditional riser and for 

each of three cases of SSS discharge wherein FIG. 7(a) pro 
vides a depiction of traditional riser discharge: FIG. 7(b) 
provides a depiction of Case 1 SSS first conduit discharge; 
FIG. 7(c) provides a depiction of Case 2 SSS first conduit 
discharge; and FIG. 7(d) provides a depiction of Case 3 SSS 
second conduit discharge. 

FIG. 8 provides further alternative SSS embodiments, for 
example, wherein the first and second conduits both contain a 
single continuous aperture or weir instead of a plurality of 
Smaller apertures; wherein, for example, the second conduit 
FIG. 8(a) may be provided with a rectangular slot that 
approximates equally spaced and equally sized apertures and 
FIG. 8(b) may provide an example of a first conduit with a 
single weir shaped aperture that approximates a plurality of 
orifices whose sizes increase with elevation. 

FIG. 9 provides a graph of a target function (gamma dis 
tribution) used to describe a possible preferred target for 
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difference between the basin and chamber water levels (h- 
h) as a function of the basin water level (h) in centimeters. 
The gamma distribution is but one of many potential target 
functions that could be selected for this relationship, depend 
ing on the desired outflow rate characteristics. 

FIG. 10 shows a SSS (FIG. 10a) and a traditional riser 
(FIG. 10b) in a side-by-side trial conducted for comparative 
testing. The apertures are omitted in the drawing for clarity. 

FIG. 11 provides a graphical depiction of results of a side 
by side trial between the SSS embodiment and a traditional 
riser, using a soil-based sediment in water. Comparisons of 
turbidity from four tests show that the SSS significantly 
reduces the turbidity discharged from the basin. 

FIG. 12 shows several measured and calculated estimates 
of flow rate versush, for the Traditional riser and the SSS. 

FIG.13 shows the flow rate from each of the 12 first conduit 
orifices of the SSS riser, and also the flow rate from each of the 
12 orifices of the Traditional riser. 

DETAILED DESCRIPTION 

The fluid flow rate (Q) through a single fully flowing orifice 
can be described mathematically by 

Q=CAV2gAh (1) 

where C is a discharge coefficient (typically given as 0.61 for 
square shoulder orifices), A is the orifice cross-sectional area, 
g is the acceleration due to gravity, and Ah is the difference in 
head across the orifice. 

With reference first to FIG. 1, the “electronic' transistor 
shown, described hereafter as a hydraulic transistor, repre 
sents the analogy between a liquid skimmer function and the 
function of an electronic transistor. The Ah represents the 
difference in water level (head) between the basin and the 
chamber (h-h) that exists across the apertures of the first 
conduit. This differential head or Ah controls the flow (Q) into 
the submerged apertures of the first conduit per Eq. 1. Thus, if 
a chamber formed between a first and a second conduit fills up 
with liquid almost to the level of the basin, (h-h) becomes 
very small and the flow though the lower submerged apertures 
of the first conduit also becomes very small. Given a relatively 
small storage volume within the chamber between the two 
conduits, the flow into the chamber through the first conduit 
(Q) must equal the flow out of the chamber (Q) through 
the second conduit. The analogy between this hydraulic tran 
sistor and an electronic transistor is evident if one thinks of 
the water level within the chamber(h)acting as an electrical 
charge placed on the base of an NPN electronic transistor. If 
the base is positively charged (i.e., the chamber water level is 
high), then the electrical current through the transistor is not 
allowed (i.e., the waterflow into the submerged orifices of the 
first conduit is greatly diminished). If the base is grounded 
(i.e., the chamber is empty or very low), then current flows 
through the transistor (i.e., the water flow rate into the non 
Submerged or barely submerged orifices is high). Addition 
ally, both the skimmer or hydraulic transistor and its analogy, 
the electronic transistor, are solid State as no moving parts are 
necessary for the “switching between high and low flow 
rates. Hence, the embodiments of a sediment/detention drain 
age system may be referred to herein as a solid state skimmer 
or an SSS. 

For large runoff events caused by heavy rainfall, it is desir 
able if discharge from a pond or basin be markedly less than 
the inflow into a pond or basin to reduce the risk of localized 
flooding. This requires a significantly sized detention pond or 
basin. In addition, increasingly strict water quality standards 
require removal of total suspended solids (TSS), and one of 
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8 
the more common ways of doing this is to form a basin in 
which the water is detained to allow sediment to settle. In 
practice, it is common for regulatory agencies to regulate the 
peak discharge from a pond or basin relative to multiple 
design storm intensities (e.g., the 24-hr 2-yr and the 24-hr 
50-yr event). Given that (using the previous example) the 
50-yr event is larger (more serious) than a 2-yr event, gener 
ally the regulatory agency will allow a larger discharge rate 
for the 50-yr event than the 2-yr event. Therefore, a pond or 
basin designed to meet both the 2-yr and 50-yr design storms 
can be made Smaller if the design discharge rate increases 
with the volume of impoundment within the pond or basin. 
Such a design plan makes a discharge rate that varies with 
water level elevation a valuable asset for a basin outlet system 
to possess, as it can reduce the footprint of the basin. 

Controlling a potential inflow basin hydrograph, Such that 
the resulting outflow basin hydrograph occurs over a longer 
period of time, also promotes sediment retention and reduced 
turbidity. The theory is practiced by a basin inlet/outlet device 
(e.g., a weir, orifice, Submerged pipe, and the like and com 
bination thereof) Such that as the impounded liquid (Such as 
water) gets deeper, the more desirable it is to discharge the 
liquid at a high rate, and local codes generally allow for this. 
In the several disclosed embodiments, controlling Ah as an 
individual lower aperture becomes submerged (see, for 
example, FIG. 6), is intended to decrease the flow rate into the 
submerged aperture of the first conduit. This reduces the 
discharge of liquid from the base of the column of liquid 
where the highest concentrations of TSS and highest turbidity 
are found, providing for more of the discharge to be from the 
upper unsubmerged orifices, where the water column in the 
basin is clearer. 

Based on the relationship of Eq. 1, the lower an orifice is 
located on a traditional riser (seen in cross-section, for 
example, in FIG. 6(a), the greater the flow from that orifice 
(for a given orifice area) and the greater the potential outflow 
of sediment as it settles down through the water column in the 
basin. In order to decrease the amount of flow from the lower 
orifices, one may reduce the Ah acting on them, especially 
when the basin liquid level is high according to the hydraulic 
transistor theory of FIG. 1. As will be described with refer 
ence to a SSS embodiment of FIG. 2, this SSS embodiment 
provides pipes with three different diameters and T-fittings 
(which serve as hydraulic transistors) to accomplish the 
objectives of reduced sediment discharge and reduced turbid 
ity. 

With reference to FIG. 2, an SSS embodiment of a deten 
tion basin drainage system is shown having three pipes (p). 
(p), and (p) by way of example having three different diam 
eters, pipe p having the largest diameter. The diameters are 
progressively smaller as the pipes (p), (p) and (p) drain into 
a common line through T-fittings (T,) and (T) respectively 
toward an outlet pipe shown at the bottom left of FIG. 2. Of 
course, this embodiment is merely exemplary, and more than 
three pipes may be used to drain a basin employing the 
hydraulic transistor principles of FIG.1. An uppermost pipe 
(p) has a large diameter and meets at a T-fitting (T) with a 
medium diameter pipe (p) at a middle vertical position. Pipe 
(p) with the medium diameter meets a liquid flow from pipe 
(p) and a vertical pipe of similar diameter to pipe (p) to a 
Small diameter pipe (p) at a further T-fitting (T). Liquid 
levels are shown having full-depth d, medium-depth d and 
shallow-depth d. The embodiment of FIG.2 may not serve as 
a secondary spillway (unless the uppermost pipem is directed 
upward to air (not shown). The embodiments of FIGS. 3-5 are 
shown having capacity to serve as their own respective sec 
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ondary spillways through the open upper second conduits, as 
will be further described herein. 
When the liquid depth in the basin is at low or shallow 

depth (for example, water leveld), only inlet pipe (p) (small 
diameter pipe) carries flow, generating a low flow rate Q 
through the outlet pipe to the left of T. At this water level, the 
system behaves as a traditional riser would behave and 
hydraulic transistor (T) allows water to flow unimpeded. 
When the liquid depth is at medium depth (water leveld), 

both the lowermost pipe (p) and the medium depth and 
diameter pipe (p) carry flow. However, because the liquid 
can flow through the medium diameter pipe (p) with minimal 
head loss compared to flow through the Smaller pipe (p), the 
head at T-fitting (T) increases. In essence, pipe (p) is mini 
mizing the pressure gradient between the Small diameter pipe 
(p) inlet and T-fitting (T), which greatly reduces the flow 
through pipe (p). Put another way, and following the analogy 
provided by the hydraulic transistor of FIG. 1, pipe (p) is 
applying “voltage' to the hydraulic transistor (T-fitting T), 
which reduces the "current’, (i.e., liquid flow), from the pipe 
(p) inlet toward the outlet pipe at the left of T. What flow 
exits to the left of T-fitting (T) primarily originates mostly 
from pipe (p) because it is a larger diameter pipe with less 
resistance than pipe (p) to arrive at T. Although the inlet 
flow rate from pipe (p) has decreased by raising the water 
level to d, the cumulative flow rate exiting the outlet pipe to 
the left has increased due to the higher head at T-fitting (T), 
So as to generate a medium flow rate. 
When the liquid depth in the basin is deep (water leveld), 

the same phenomenon occurs at T-fitting (hydraulic transis 
tor) T as at T (with the respective elements). Such that 
almost all the waterflowing toward the outlet originates from 
largest diameter inlet pipe (p) and the flow rate is high, 
reducing the respective flow rates from the medium diameter 
pipe (p) and small diameter pipe (p). Because a hydraulic 
transistor is “solid state' and provides a control determined 
by pipe diameter size and vertical spacing between pipes (p) 
and (p), and pipes (p) and (p), the sediment/detention basin 
drainage system described herein is referred to as a solid state 
skimmer or SSS. 

Referring to FIG. 3, a further embodiment of a sediment/ 
detention drainage system (a SSS) is shown similar to the 
embodiment of FIG. 2, but, instead of individual T-fittings 
with different diameter pipes controlling the flow from each 
inlet toward an outlet, the T-fittings are represented by a single 
inner chamber between a first conduit 314 (or, more specifi 
cally, an inlet riser) upstream of a second conduit 320 (more 
specifically, an outlet riser) which, in this embodiment, is 
within or surrounded by the first conduit 314. As will be 
described with reference to the further embodiment of FIG.3, 
the first conduit need not surround the second conduit; the 
second conduit must simply be downstream of the first con 
duit such that the first conduit and second conduit form a 
chamber 316. The chamber 316 of FIG. 3 is formed in the 
space between the first conduit 314 and the second conduit 
320. Referring briefly to FIG. 2, the small diameter stub outlet 
pipe to the left of T1 in FIG. 2 is represented by the combi 
nation of orifices 324a-324e on second conduit 320 of FIG.3. 
The different diameter inlet pipes (p), (p) and (p) of FIG.2 
are represented by the increasing orifice sizes of orifices 
3.18a-318e from bottom to top on the outer vertical pipe or 
first conduit 314. 

Referring further to FIG. 3 of the drawings, this further 
embodiment of the disclosure relates to a sediment/detention 
basin drainage system 310 configured for installation within 
a sediment/detention basin B for draining fluid F from the 
basin B with reduced discharge of any sediment materials S. 
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10 
The SSS of FIG.3 may consist of two concentric perforated 
risers: a first conduit 314 in contact with the mixed liquid and 
sediment in the basin on one side and the chamber (316) on 
the other side, and a second conduit (more specifically, an 
outlet riser)320 in contact with the chamber (316) on one side 
and atmospheric pressure on the other. The conduits 314,320 
are shown rising from the bottom of basin B. For use in an 
agricultural setting, a conduit assembly according to FIG. 3 
may be installed, for example, at the inlet of an agricultural 
pond drain at a desired pond depth. The first and second 
conduits 314, 320 are separated by a gap forming a chamber 
316 having a small volume between the conduits. Water may 
flow into the chamber 316, open to atmospheric pressure, 
through orifices in the first conduit 314 and out of the chamber 
through orifices in the second conduit 320 before exiting the 
basin outlet to flow “off-site.” The configuration of the ori 
fices will cause the chamber 316 to partially fill when flowing, 
and so may create a submerged condition on one or more of 
the lower first conduit orifices, for example, orifices 318a-c 
with the chamber 316 level, h, shown. This causes the head 
on the submerged orifices, in this case, 318a-c to be the delta 
(difference in) head between the basin stage h, and the cham 
ber stage has opposed to only that of the basin stage minus 
the orifice elevation, which in turn reduces the flow through 
the submerged inlet orifices. 

FIG. 3 further shows the SSS in a basin B where quantity 
and length of the fluid flow lines from the orifices represent 
the cross sectional area and Velocity, respectively, of the liq 
uid flow jets emitted by each orifice. The volumetric flow rate 
is mathematically the product of the velocity and the cross 
section area of the orifices. For example, the quantity of the 
flow lines at orifice 318d indicates greater liquid flow than the 
single line at orifice 318a. And likewise the liquid flow veloc 
ity at orifice 324a exceeds the liquid flow velocity at orifice 
324c. Typically, the fluid F is stormwater and the sediment 
materials S are sediment, sludge, debris, soil, mud, vegeta 
tion, rock, trash, pollutants, and other solid materials eroded 
and entrained by stormwater and collected by the detention/ 
sediment basin B. 
While described in the context of drainage of stormwater 

from a detention pond or basin, it will be understood that the 
SSS structures described herein may be applicable to other 
fluids and systems as may be employed in chemical engineer 
ing, processing plants, and the like having combinations of 
immiscible fluids or fluid/solid mixtures, and the sediment/ 
detention basin is intended to encompass practically any 
basin for retaining a fluid. 

Referring briefly to FIG. 5(a), a SSS embodiment accord 
ing to FIG.3 is designed Such that as the basin stage increases, 
the delta head between the basin B and the riser chamber 
(between the first and second conduits) or (ht-h) remains 
small in a SSS, causing more orifices in the first conduit to 
become Submerged and the dischargerate of those Submerged 
orifices to decrease. Consequently, this requires an increase in 
the size of the upper first conduit orifices with increasing 
basin stage to accommodate the need for increased flow. At 
lower basin stages, the chamber 316 partially drains and 
un-submerges some of the lower orifices, so the lower orifices 
can then contribute more flow. This creates a situation where 
the majority of flow always discharges from the uppermost 
flowing orifices of the first conduit 314 regardless of the basin 
stage. By properly configuring the orifices on the conduits of 
the SSS, the lower submerged orifices of the SSS first conduit 
could experience, for example, just centimeters of head, 
while the lower orifices of a traditional riser (shown in FIG. 
5(b)) under similar conditions would be subjected to a meter 
of head or more depending on the depth of water in the basin 
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B. Since the flow through an orifice is directly proportional to 
the square root of head across the orifice, reducing head from 
a few meters to a few centimeters reduces the flow rate by 
approximately the square root of two orders of magnitude, or 
by a factor of 10. 

Referring again to FIG. 3, the system 310 includes a fluid 
drain 326 within the basin B for draining at least portions of 
the fluid F from the basin B while minimizing discharge of the 
sediment S from the basin B, and offering improved function 
and ease of use as compared to traditional skimmers and riser 
systems used for draining basins. 
The fluid drainage system 310 includes the first conduit 

314 having a substantially continuous sidewall 312 and is 
positioned within or adjacent to the basin B for contact with 
the fluid F. First conduit 314 may be referred to, more spe 
cifically, as an inlet riser. The first conduit 314 includes a 
plurality of first apertures 318a-318e through the sidewall 
312 generally of increasing size from bottom up. The conduit 
314 is shown having a circular cross-section and extending 
substantially vertically upward from the bottom of the basin 
B. Many cross-sectional shapes are possible, including but 
not limited to square, rectangular, oval and the like and, for 
example, have any pointed side pointing into any liquid cur 
rent flow as from a stream. 

It will be understood that the second conduit 320 may also 
have a cross-section other than circular, such as rectangular, 
oval and the like, and be shaped differently from or the same 
as the first conduit 314. If desired, both the first conduit 314 
and second conduit 320 may also be located at an orientation 
that is not substantially vertical. In addition, while the aper 
tures 318a-318e are shown as substantially circular in cross 
section, vertically aligned with one another in a single col 
umn, Substantially uniformly spaced, and increasing in diam 
eter from bottom up, with the uppermost aperture 318e hav 
ing the largest diameter and the lowermost aperture 318a 
having the smallest diameter, it must be understood that other 
arrangements and shapes of the apertures 318a-318e are 
acceptable if desired. What is important, as will be math 
ematically described, is controlling the head within the cham 
ber 316 between the first and second conduits 314, 320 such 
that this head he substantially reduces the flow through the 
submerged orifices of the first conduit 314. 
A second conduit 320 having a Substantially continuous 

sidewall (not specifically identified) may be positioned 
within the first conduit 314 to form chamber 316. The second 
conduit 320 includes a plurality of second apertures 324a 
324e through the sidewall. As shown, the apertures 324a 
324e may represent a flow area that is substantially smaller 
than the flow area represented by the first conduit apertures 
3.18a-318e. 
The second conduit 320 is shown having a circular cross 

section and extending Substantially vertically upward from 
the bottom of the basin B. It will be understood that the 
conduit 320 may have a cross-section other than circular and 
may also be located at an orientation that is not substantially 
vertical if desired but in substantial conformity with the cross 
section chosen for the first conduit 314. Likewise, this riser 
does not require placement within first conduit 314 So long as 
it is connected hydraulically downstream and has a configu 
ration so as to establish a chamber head, h. In addition, the 
apertures 324-324e are shown to be substantially circular in 
cross section, Vertically aligned with one another in a single 
column, Substantially uniformly spaced, and Substantially 
equal in diameter, with the uppermost aperture 324e having 
an equal diameter with the lowermost aperture 324a. Aper 
ture 324a is shown having the largest water flow to a basin 
outlet 326 and aperture 324c, the highest submerged aperture 
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12 
of second conduit 320, has the smallest water flow toward 
outlet 326. It will be understood that other arrangements of 
the apertures 324a-324e are acceptable if desired. 

Also, the apertures 324a-324e are shown to be located 
substantially in-line with the apertures 318a-318e, respec 
tively, that is, aperture 324a aligned with aperture 318a, and 
likewise on up, and oriented to be substantially 180 degrees 
out of phase with one another so that the line of the apertures 
324a-324e is oppositely facing than the apertures 318a-318e. 
This orientation of orifices around the perimeter of the con 
duit is optional and does not affect the flow of liquid through 
the system as the chamber 316 formed between the two risers 
may be designed to be large enough to transmit any reason 
able flow with minimal loss of head. It will be understood that 
the apertures may be otherwise oriented around the perimeter, 
and the apertures 324a-324e may optionally face or be at any 
other angle to apertures 318a-318e. 

Also, as seen in FIG. 5, additional sets of the apertures may 
be provided, with FIG. 5 showing four spaced apertures 318 
on inlet 314 and five spaced apertures 324 on outlet 320 that 
are not spaced across from one another. The apertures need 
not be equal in number on inlet and outlet per unit depth. 
Likewise, the apertures need not be discrete openings, but 
may comprise a single tall aperture of proper width as a 
function of height, as shown with reference to FIG. 8. 

Referring further to FIG.3, a basin outlet 326 is provided in 
flow communication with the second conduit 320 for draining 
fluid F from the basin B to off-site via the fluid drainage 
system 310. Basin outlet 326 may carry sufficient flow capac 
ity such that the outlet side of the bottom most orifice 324a 
remains un-Submerged even during high flow conditions. The 
apertures 318a-318e and 324a-324e of the first and second 
conduits, respectively, are sized and arranged relative to one 
another to enable removal of fluid F from the basin B via the 
drainpipe 326 while providing flow conditions which inhibit 
the entry of the sediment S into the fluid drainage system 310 
so as to maximize the retention of the sediment S within the 
basin B. 

In order to control outflow while maximizing sediment 
retention, the flow area represented by the first apertures 318 
and the flow area represented by the second apertures 324 are 
each configured to allow more fluid flow from upper portions 
of the fluid F. (for example, via upper aperture 318d of first 
conduit 314), than from the bottom orifice 318a thereof. 
Referring briefly to FIG. 5(a), this results in a fluid level (h) 
outside the first conduit 314 that is higher than a fluid level 
(h) in the chamber 316 between the first and second conduits. 
As shown in FIG. 5(b), a traditional single riser having a 
plurality of equal sized, equally spaced apertures along its 
length does not enable this fluid level differential. The head is 
represented by the fluid height (h) above each aperture. 

Accordingly, the detention basin drainage system 310 or 
SSS enables removal of fluid from the basin B, while reducing 
sediment discharge as compared to traditional rise devices 
(for example, FIG. 5(b)). In addition, the construction of the 
system 310 results in a system that eliminates the need for 
moving parts, is less prone to failure, is inexpensive to con 
struct and install, has reduced maintenance, accommodates 
variable flow rates, and has its own secondary overflow sys 
tem. 

A further embodiment of a detention drainage system is 
shown in FIG. 4 using similar reference numerals from FIG. 
3 to denote similar elements. First conduit 314 is adjacent to 
and forms a chamber 316 with second conduit 320 which are 
box-like in shape and may beformed of concrete to reduce the 
threat of vandalism. Orifices of increasing size 318a-318e 
from bottom to top of vertical first conduit 314 receive liquid 
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from the basin. The top of second conduit 320 may be open 
and serve as its own secondary spillway 332 for the basin. 
Outlet orifices 324a-324fare shown of approximately equal 
size and equal spacing alonga wall of second conduit 320, but 
may be configured in various configurations such that he is 
maintained at an appropriate level to Submerge the lower inlet 
conduitapertures. No water levels are shown in FIG.4, but the 
same mathematical principles apply to providing a hydraulic 
transistor at each orifice stage of first/second conduits so that 
a regulated flow is achieved and sediment retention in a basin 
is maximized. The maximum differential head will be h-h. 
where the basin and chamber 316 water levels are not shown. 
One of many possible routes for Solving the mathematics of 

sizing and placing the apertures for a SSS will be further 
discussed, with an emphasis on explaining the operation of 
the SSS. 

Eq.(1) describes only conditions when an orifice is flowing 
fully, with the upstream water elevation above the top of the 
orifice. A partial flow condition can also occur in which the 
orifice behaves more like a weir, with a portion of the orifice 
not flowing fluid. This partial flow condition can be described 
by the functions 

O H < 3iny (2) 

Q(H, Ah) = . CL, H ziny < H < D +3iny 
CAW2gAh H > D + zi 

(3) f H 0.5: = Dsi 8 here 8 = 2 1 2H or i < .5; L = sin() w ere ty arccos - 

where Z is the orifice invert elevation and H is the height of 
water above the orifice invert, not to be confused with h. 
Continuous Riser Discharge 

FIG. 6 illustrates the difference in head between a SSS 
(FIG. 6a) and a traditional riser (FIG. 6b) placed side by side 
in a basin filled to level h. Then, a comparison of the head 
acting on the lowest orifice of the SSS (h-h) is compared 
that of the traditional riser (h-Z+0.5D) 

FIGS. 7(a) to 7(d) show the flow regime of the traditional 
riser, and the three flow regimes (Case I, II, and III) for flow 
within a SSS riser, where h is the basin B stage, h is the 
chamber stage (chamber between first and second conduits), 
and Z is the elevation above the basin floor or a pond drain. 
FIG. 7(a) shows a traditional riser discharge. Case I or FIG. 
7(b) occurs when the first conduit discharges to atmospheric 
pressure, indicated by an upper orifice with a horizontal line 
to air. Case II or FIG. 7(c) occurs when the second conduit 
discharges to a Submerged chamber, wherein two Submerged 
orifices are shown with horizontal lines to fluid. Case III or 
FIG. 7(d) occurs when the second conduit discharges to atmo 
spheric pressure indicated by two orifices of the second con 
duit exposed to atmospheric pressure (air) having horizontal 
lines to air. 

FIG. 8(a) shows a replacement of a plurality of equal size, 
equally spaced orifices of the second conduit, for example, 
replaced by a single rectangular slit to limit flow to an outlet. 
Similarly, a series of graduated sized orifices Small to large 
from bottom to top of the first conduit may be replaced per 
FIG. 8(b) with a graduated V shaped slit. In this manner, there 
is a continuous control of the flow in and flow out of a 
chamber between second and first conduits. FIG. 8 thus may 
be applied in any of the embodiments, for example, of FIGS. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
3 and 4 of a detention basin drainage system. Now the math 
ematics will be further described. 
The traditional riser (FIG. 7(a)) is similar to Case III (FIG. 

7(d)), but the head is driven by h, noth. The four Ah Zones 
are described by 

Ahad = hp, - 2, 0 < ... <ht, (4) 
Ah = hl, -a, he < 2, 3 hp, 

"Ah-h-h. Fo<: <h. 
Ahh! = he - 2, 0 < x < he 

where the trad, I, II and III subscripts describe the traditional 
riser and the three Cases of SSS flow, respectively depicted in 
FIG. 7. 
The general equation for discharge from a vertical riser 

with a continuous distribution of orifice area is given by 

d 5 
QC = CAtov 2gAh(z) dz. (5) 

where A(z) describes a continuous orifice area distribution. 
For a traditional riser with orifices of constant spacing and 
diameter, the continuous area distribution can be approxi 
mated by 

(6) 

where a describes the width of a rectangular weir (FIG. 
8(a)) equivalent to a plurality of orifices of constant spacing 
and diameter. The solution for such a traditional riser is found 
by substituting Eq. 6 into Eq. 5 

A. (z) radara 

b d (7) QCrad = Cav2g ? (a,z) Vh - d. 
O 

followed by integration to yield 

traa 

As previously mentioned, the Case III flow is similar to the 
traditional riser, but with the head defined by h, not h. By 
letting the Case III area distribution be described by 

(9) 

where a describes the width of an equivalent rectangular 
weir, the Case III continuous discharge is given by 

which is identical to Eq. 8. with the exception of the head 
term. Of course other versions of the area distribution (i.e., 
Eq. (9)) would result in different outcomes for Eq. (10). 

Because discharge into the chamber is reduced due to a 
submerged condition of the lower first-conduit orifices, the 
first conduit aperture area distribution, A(Z) should 
increase with elevation in order for the flow rate to increase 
with basin stage. One may use the second order polynomial 

(10) 

where a describes the width at the base of a weir and b, 
describes the exponential growth of the weir width with 
increasing Z (FIG. 8(b)), although other versions of Eq. (11) 
could be considered. To derive the Case I and Case II con 
tinuous area flow equations, Eq. 11 was Substituted into Eq. 5 
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using the definitions of Ah(z) provided by Eq. (4). The result 
was then integrated through the limits of Zalso defined in Eq. 
(4) to arrive at 

Optimization of Design Parameters a, b, and a2, 
Designing a SSS to match a desired Stage-discharge-curve 

requires estimates for parameters a, b, and a2. Unfor 
tunately, the Solution is non-unique since it can be accom 
plished with differing amounts of (h-h) as a function of h. 
Therefore, this desired relationship must be selected a priori. 
As (h-h) is minimized, the skimming function of a SSS is 
enhanced, but at the cost of increasing the size of A(Z). One 
may chose to use the gamma distribution to relate (ht-h) and 
h, as follows 

(13) 

exp(-i) (14) 

where w and mare gamma distribution fitting parameters and 
T(m) is the gamma function. Values for w and m must be 
selected a priori to achieve a desiredh, Versus he relationship 
(FIG. 9). This function allows (h-h) to increase quickly 
with increasedh, up to a reasonable value (i.e., several cms) 
and then reduce as the basin fills further. This reduction of 
(h-h) as the basin continues to fill leads to increasingly 
higher percentages of flow exiting from the top of the water 
column within the basin. 
Once W and m have been selected, a, b, and a must be 

optimized such that the predicted discharge of the SSS may 
match a desired stage discharge curve (Q.). Continuity dic 
tates that 

PC+CC=OC (15) 

for all hi. Through a process of least Squares optimization, 
a, b, and a2, can be simultaneously fit by optimizing 

{QCAh)+QC?(h)-90ha)}’s 
{QCur(h)-Q(h)}’’ 0 (16) 

In practice, one may optimize a, b, and a2, using the 
Microsoft Excel Solver Tool and the following numerical 
scheme 

hb-max (17) 
X (QC, (h) + QCr(h)- Op(h)is 
h=0 

hb-max 

X (QCur(h)- Op(h) = 0 
h=0 

where h is the maximum ht, value for the pond being 
considered and each subsequent iteration of h is slightly 
larger than the previous until the entire range is spanned, QC, 
QC, and QC, are defined by Eqs. 12, 13, and 10, respec 
tively, and his calculated from Eq. (14). 
Orifice Placement on Risers 

Translating A(Z) into discrete orifices first requires an 
assumption of the sizes of orifices desired in the first and 
second conduits. These orifice sizes will be dictated by the 
desired discharge and number of desired orifices. Starting 
with the Smallest desired orifice area and assigning it to the 
lowest orifice area interval, A(Z), the elevation at the top of 
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this interval, Z, can be calculated by first defining the lowest 
orifice interval as (using the second conduit as an example) 

(18) 4(2)2nd, a2ndž2ndiazniz2nd, i=1... in 

where Zo-0. Solving for Z, 

A(3)2nd + (2nd 3–1 (19) 
22nd - ; i = 1 ... n. 

(2nd 

Eq. (18) is applied in times, until Zapproaches h. Each 
Z, dictates the elevation that separates the A(Z) into sections 
that will each be represented by a single orifice. In practice, it 
is helpful to increase the orifice sizing with increasing Z to 
limit the number of orifices on the first conduit. 

After an array of Z values is calculated for the first and 
second conduits, the centroids of A(Z) between each Z, is 
determined. These centroids will be used to locate the center 
of the orifices and can be calculated from 

Zi di (20) 
? 3. (A(z))d: & 2. 

3 = - I -: i = 1 ... in 
? (AG))-0d. - dz, 2. 2. 

which gives a trivial solution for the second conduit 

(21) 

since the shape of A(Z) is rectangular. The solution for the 
inlet orifice is more complex 

1 (22) 
bis(c. -: 1)+ Sais (if 
als (3–3–1)+bis (f-zii) 

2 - (; 1) 
31st = ; i = 1 ... n. 

Numerical Flow Equations 
The analytical prediction of flow given by Eq.’s (10, 12, 

and 13) above, are based on the optimization of Eq. 16, which 
will generally have some error remaining following optimi 
zation, and therefore so does the estimate of flow. If a more 
accurate estimate of flow is desired, in order to validate Eqs. 
(10, 12, and 13) and the optimization procedure for a,b 
and a the water can be routed through the orifices using 
Eqs. (2 and 3). Because, for example, with the embodiments 
of FIGS. 3, 4 and 5, the first and second conduits of a SSS are 
placed in series (of water flow downstream), the cumulative 
inflow through the first conduit orifices must be simulta 
neously solved along with the cumulative outflow through the 
second conduit orifices, while ensuring that h (a head term 
common for both the first and second conduit orifices) is 
consistent across the full range ofh. This requires an iterative 
solution for he to balance the flow through the inlet and outlet 
orifices for each h, Solution desired. One may solve Eqs. (2 
and 3) for hiteratively using the Excel Solver subroutine. 
Methods of Operation of a SSS 
Test Apparatus 
A test basin B for a small field-scale test consisted of a 

commercially available above-ground Swimming pool, nomi 
nally 4.6 m diameter by 1.2 m deep with a volume of 19,000 
L. After placing and assembling the pool, the pool was 
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slightly elliptical with major (D) and minor (D) chords of 
4.4 m and 4.3 m, respectively. A stage-storage curve was 
developed for the trial basin based on the elliptical area, Aas 
follows 

tlif Dr. 23 
At = - (23) 

Prior to placing the test basin, two trenches were dug in the 
underlying soil to accommodate a drainage conduit for each 
of two outlets, one for an embodiment of a SSS (FIG. 10(a)) 
and one for a Traditional Riser (FIG. 10(b)). The ultimate 
drainage conduits consisted of a 10-in schedule 40 PVC 
elbow coupled to a 3-in schedule 40 PVC drain pipe (FIG. 
10), which discharged to a nearby pit. A hole was then cut in 
the basin floor at each elbow to accept the SSS and Traditional 
riser pipe. The Traditional riser pipe consisted of a 10-in 
schedule 40 PVC pipe. Since the SSS riser required that pipes 
be installed with a seal at the base of the chamber, a PVC base 
ring with two concentric grooves was fabricated to accept the 
10-in schedule 40 PVC first conduit and a 6-in schedule 40 
PVC second conduit (FIG. 10(a)). The base ring forming the 
riser chamber floor had a 15.2 cm hole in its center to allow 
outflow from the second conduit into the elbow beneath. The 
traditional and SSS risers were secured into the couplers 
using rubber gasket compound to create a water-tight seal. 
The holes in the basin floor were sealed by packing bentonite 
clay around the base of the risers and securing a plastic apron 
to the risers on top of the bentonite seal. 
Riser Designs 
The orifice pattern for the Traditional riser was arbitrarily 

selected as twelve (12) 1.59 cm orifices at a 10 cm spacing 
interval. Flow through the Traditional riser was calculated 
using Eq.'s 2 and 3. The predicted discharge from the Tradi 
tional riser was then set as the Q, for the SSS design, so that 
both the Traditional and the SSS risers would discharge the 
same flow rates for all h. For the present study, we set, 2.2 
and m=1.1, which led to a maximum (h-h) of 9.4 cm occur 
ring at a h, of 40 cm. With the Q, from the Traditional riser 
and the desired (h-h) from Eq. (14), using Eq. (16) we 
found that a 0.0423, b, 0.0055, and a 0.2251. 

For the purpose of testing equivalent systems, the same 
orifice size (1.59 cm) was selected for the second conduit, 
which led to having 12 equally spaced orifices for the second 
conduit of the SSS of FIG. 10a. Four orifice sizes were pro 
vided for the first conduit, beginning at the bottom with one 
(1) 1.59 cm orifice, three (3) 1.9 cm orifices, five (5) 3.2 cm 
orifices, and finally three (3) 3.8 cm orifices at the top of the 
first conduit of the SSS of FIG. 10(a). 
Testing Procedures 
One riser at a time (first Traditional, then SSS) was tested 

for flow rate as a function ofh. The orifices for the non-tested 
riser were temporarily sealed when not being tested. After 
filling the test basin, the drop in basin water level (dh) per 
time interval (dt) was measured with a meter Stick and stop 
watch to allow for calculation of the measured discharge rate 
(Q) throughout the range of hi. 

dhi, 
= AF - - Qmeas(Trad,SSS) = AE (it 

(24) 

After completing the measurement of both stage discharge 
curves, these two curves were compared against one another, 
and the SSS measured stage discharge curve was also com 
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18 
pared to the predictions from both the analytical (Eq. 10) and 
numerical prediction for the SSS riser (Eq.'s 2, 3, and 4). 
The sediment retention efficiency of the SSS was evaluated 

by comparing the turbidities of water discharged from the 
above-described SSS and Traditional riser installed in paral 
lel in the test basin as discussed above. Because both systems 
were installed in parallel so that they were operating at the 
same time, each was subjected to the same set of conditions 
for each of fourtests. Tests consisted of routing a design storm 
hydrograph and associated sediment through the reservoir. 

In order to define a design storm inflow rate, we used the 
National Resources Conservation Service (NRCS) dimen 
sionless unit hydrograph method. The total volume routed 
through the reservoir for each of four tests was 45,000 L. The 
University of Tennessee's hydraulics laboratory is equipped 
with tanks from which water can be pumped at a desired flow 
rate using a computer-controlled flow-control valve, creating 
a device termed the “hydrograph generator. Using Such a 
hydrograph generator device, we pumped the design storm 
hydrograph to the test basin. 
To calculate the mass of sediment likely to be carrier by a 

storm of the size required to produce the runoff volume 
defined above, we implemented a modification of the Revised 
Universal Soil Loss Equation (RUSLE). Using a sandy clay 
loam, we determined the sediment yield for the design storm 
event. This mass of soil was prepared for the tests by mixing 
it with water in 5-gallon buckets at least twelve hours before 
testing. Then, just prior to the test, all the buckets were mixed 
again. A mixed water-soil slurry was added to the basin inflow 
stream on a Volumetric basis. 

For each test, twenty-eight (28) paired effluent samples 
were collected from the outlets of the two systems on an 
outflow volumetric basis. Turbidity was measured for each of 
the twenty-eight paired samples collected from each of the 
four tests using a Monitek CST06825 Model 21 Nephelom 
eter optical turbidity meter. Statistics were performed on the 
sediment retention data to show whether the SSS significantly 
decreased the turbidity of the discharge from the basin. Using 
the SAS v9.2 univariate procedure, the experiment was 
defined as a random block design with significance set at 
a=0.05. 
Results 
Measured Versus Modeled Discharge 

FIG. 12 shows several measured and calculated estimates 
offlow rate versush, for the Traditional riser and the SSS. All 
of these measurements and estimates are quite similar, indi 
cating the validity of the method described above to size and 
locate the orifices. Q-Trad-Meas and Q-SSS-Meas are from 
direct measurements of flow rate of the Traditional and SSS 
risers, respectively, using a meterstick and stopwatch. 
Q-SSS-Ana is the analytical prediction of flow rate for the 
SSS (Eq. 10). Q-Trad-Numand Q-SSS-Numare the numeri 
cal predictions of flow rate for the Traditional and SSS risers, 
respectively (Eqs. 2, 3, and 4). Values of (h-h)-Meas are 
direct measurements of (h-h) using a meterstick, and values 
of (h-h)-Numare the numerical solution for (h-h) (Eq.'s 
2, 3, and 4); these two plots are read off the right vertical axis 
and are very similar. The jagged nature of the (h-h) lines are 
due to individual orifices of the first and second conduit no 
longer flowing as the water level in the basin decreased during 
drainage. 
Individual Orifice Discharge Versus Depth 

FIG.13 shows the flow rate from each of the 12 first conduit 
orifices of the SSS riser, and also the flow rate from each of the 
12 orifices of the Traditional riser. As can be seen, the SSS 
riser has most of its flow from the upper orifices, whereas the 
Traditional riser has most of its flow from the bottom orifices. 
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This fact enables the SSS to selectively skim water from the 
top of a basin and in doing so to allow less sediment to leave 
the basin. 

FIG. 11 provides a graph for Turbidity in NTU for each of 

20 
denser particles and fluid into the fluid drainage system 
So at to maximize retention of denser particles and fluid 
within the basin. 

2. The basin drainage system of claim 1, wherein the first 
the Traditional riser and the SSS for each of the four tests. In 5 and second conduits extend substantially vertically. 
each of the four tests, it may be seen that the turbidity levels 
demonstrated improved performance (lower values) for the 
SSS than for the Traditional riser. The decrease in turbidity is 
significant (C=0.05). 

CONCLUSIONS 

The analytical (mathematical) model, capable of charac 
terizing the orifice area distribution of a SSS with just three 
area fitting parameters and two delta head fitting parameters, 
was shown to provide a suitable approximation of the discrete 
orifice distribution. The flow from an SSS can be predicted 
using the three equations describing the three flow cases 
instead of having to numerically solve the flow for each 
individual orifice over variable head. This property of the 
analytical model greatly simplifies the design calculations. 
The inventors effectively designed the SSS of this experiment 
to match the stage-discharge relationship of a traditional riser, 
but other stage-discharge relationships may be investigated 
by one of ordinary skill in the art, and could be designed to 
optimize performance for a variety of desired outputs. The 
foregoing description of preferred embodiments for this dis 
closure has been presented for purposes of illustration and 
description. It is not intended to be exhaustive or to limit the 
disclosure to the precise form disclosed. Obvious modifica 
tions or variations are possible in light of the above teachings. 
The embodiments are chosen and described in an effort to 
provide the best illustrations of the principles of the disclo 
Sure and its practical application, and to thereby enable one of 
ordinary skill in the art to utilize the disclosure in various 
embodiments and with various modifications as are Suited to 
the particular use contemplated. The scope of the described 
embodiments should only be deemed limited by the claims 
which follow. 
What we claim is: 
1. A basin drainage system configured for use with a sedi 

ment/detention basin and configured to receive one of a fluid, 
of a particle laden fluid and of an immiscible fluid of different 
densities, the fluid drainage system for disposition within the 
basin and configured for draining less dense fluid from the top 
of the basin while avoiding discharge of one of denser par 
ticles and fluid and of denser fluid from the bottom of the 
basin by preferentially draining fluid from the top of the 
basin, the fluid drainage system comprising: 

a first conduit having a Substantially continuous sidewall 
and positioned within or adjacent the basin for contact 
with the received fluid, the first conduit having a plural 
ity of first apertures through a sidewall thereof, and 

a second conduit having a Substantially continuous side 
wall and positioned downstream of the first conduit, the 
second conduit having a plurality of second apertures 
through a sidewall thereofsuch that a chamber is formed 
between the first and the second conduits, 

the second conduit configured to be connected to a drain 
pipe in downstream flow communication with the sec 
ond conduit, the drainpipe configured for delivering the 
drained fluid offsite and maintaining atmospheric pres 
Sure within the second conduit, 

wherein, the first and second apertures are sized and 
arranged relative to one another and configured to pro 
vide how conditions which preferentially drain fluid 
from the top of the basin and therefore minimize entry of 
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3. The basin drainage system of claim 1, wherein the sec 
ond apertures represent a flow area that is Substantially 
smaller than the flow area represented by the first apertures. 

4. The basin drainage system of claim 3, wherein the first 
apertures have graduated sizes such that an aperture at the 
bottom of the first conduit has a smaller size than an aperture 
at the top of the first conduit. 

5. The basin drainage system of claim 4, the first and 
second conduits comprising at least three apertures each, at 
least three first apertures of the first conduit having graduated 
sizes progressively increasing in size from a bottom-most first 
aperture to a top-most first aperture. 

6. The basin drainage system of claim 1, wherein the aper 
tures of the first and second conduits are sized such that as the 
basin fluid level rises, so does a fluid level that resides in the 
chamber between the two conduits, the fluid level in the 
chamber Submerging lower first conduit riser apertures, 
reducing their discharge, and enabling the retention of sedi 
ment in the basin. 

7. The basin drainage system of claim 1, wherein the basin 
comprises a pond and the drainpipe comprises a pond drain 
pipe, the system being configured to be mounted to the pond 
drainpipe. 

8. The basin drainage system of claim 1, wherein the sec 
ond conduit is downstream the first conduit and the first and 
second conduits are adjacent to one another and comprise 
box-like structures. 

9. The basin drainage system of claim 1 configured as a 
secondary spillway, the second conduit having a top end that 
is open to the atmosphere. 

10. A fluid drainage system configured for draining a basin 
having one of fluid, of a fluid and sediment particles and of a 
combination of immiscible fluids of different densities, the 
system including a first conduit and a second conduit proxi 
mate to the first conduit limning a flow chamber between the 
first and second conduits, the flow chamber configured to 
maintain fluid at a level beneath a basin stage, the first and 
second conduit having first and second orifices respectively, 
fluid submerging a lower orifice of the first conduit, each 
conduit having said first and second orifices respectively 
located through sidewalls thereof, with the orifices of the first 
and second conduits being sized and arranged relative to one 
another to enable preferential removal of fluid from the top of 
the basin maximizing retention of one of sediment particles 
and of denser fluid within the basin. 

11. The fluid drainage system according to claim 10 con 
figured Such that when installed in a basin, the first and second 
conduits are substantially vertical, the orifice of the first con 
duit comprising a plurality of orifices of increasing size from 
a lowermost orifice to an uppermost orifice. 

12. The fluid drainage system according to claim 10 
wherein the second conduit is within the first conduit and is 
connectable at a bottom to a basin drain. 

13. The fluid drainage system according to claim 10 
wherein the second conduit is downstream of and adjacent to 
the first conduit, the first and second conduit forming box-like 
Structures. 

14. The fluid drainage system of claim 10, the first and 
second conduits forming cylinder-like structures, the first and 
second conduits each comprising a plurality of orifices, the 
plurality of orifices of the first conduit having increasing fluid 
flow capacity with increasing height of the cylinder-like 
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structure, the plurality of orifices of the second conduit each 
having similar fluid flow capacity. 

15. The fluid drainage system of claim 10, the drain of the 
bottom end of the second conduit for conducting fluid from a 
fluid basin. 

16. The fluid drainage system of claim 10, the first conduit 
orifices structured as an equivalent weir. 

17. The fluid drainage system of claim 10, the second 
conduit orifices structured as an equivalent weir. 

18. A fluid drainage system comprising: 
a first conduit having an open top end and a closed bottom 

end and a first conduit wall with an exterior surface, the 
first conduit wall extending from the closed bottom end 
to the open top end of the first conduit forming a first 
conduit interior chamber with a wallofa second conduit; 

a plurality of first conduit orifices disposed in the first 
conduit wall between the open top end and the closed 
bottom end of the first conduit wherein the plurality of 
orifices have graduated sizes with a larger-sized orifice 
being disposed adjacent the top end and a smaller-sized 
orifice being disposed adjacent the bottom end; 

the second conduit disposed within or adjacent to the first 
conduit interior chamber volume, the second conduit 
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having an open top end and an open bottom end and the 
second conduit wall extending from the open top end to 
the open bottom end; 

a plurality of second conduit orifices disposed in the sec 
ond conduit wall between the open top end and the open 
bottom end of the second conduit; and 

a drain configured to be disposed in the bottom end of the 
second conduit, wherein, when a body of fluid having a 
first head is disposed adjacent the exterior surface of the 
first conduit, the first conduit orifices and the second 
conduit orifices are sized to establish a second head 
inside the first chamber between the first and second 
conduits that is less than the first head and maintains 
atmospheric pressure within the second conduit. 

19. The fluid drainage system of claim 18, the second 
conduit being open to atmospheric pressure and serving as 
secondary spillway for the fluid. 

20. The fluid drainage system of claim 18, the first and 
Second conduits comprising at least three apertures each, at 
least three first apertures of the first conduit having graduated 
sizes progressively increasing in size from a bottom-most first 
conduit aperture to a top-most first conduit aperture. 


